Abstract: Pathogens of spruce bark beetle Ips typographus were compared at eleven sites in Slovakia (the Western Carpathians). Seven different pathogen species were recorded: protozoan species Chytridiopsis typographi, Gregarina typographi, Malamoeba scolyti, nematodes of the genus Neoparasitylenchus and one unidentified nematode species. Presence of the entomopathogenic fungus Beauveria bassiana was also observed as well as parasitization by hymenopteran parasitoids. High infection rate of G. typographi and the nematode Neoparasitylenchus was detected in almost all sites and lethal impact of M. scolyti by massive infections was observed. The beetles from seven sites were screened for endosymbiotic bacteria Wolbachia, however, with no positive result.
Introduction
Spruce bark beetle Ips typographus (L., 1758) (Coleoptera: Scolytinae) is one of the most destructive pests of European coniferous trees (Christiansen & Bakke 1988; Jakuš 2001; Holuša & Liška 2002; Wermelinger 2004; Takov et al. 2007 ). It causes enormous economic loss and during intense outbreaks it has ability to attack healthy trees. Natural forests in Central Europe have been heavily converted to spruce monocultures what resulted in several million acres of trees infested annually by spruce bark beetles. These conditions offer no barriers to the pests to spread from areas of origin to neighbouring stands (Kula & Zabecki 2006; Turčáni & Hlásny 2007) . Control of bark beetles is very difficult because of their cryptic habits. The abundance of pests is naturally regulated by entomopathogenous species, which could be used as biological agents in spruce forest protection. Hence, their study is essential and potentially useful in biological control.
There are previous studies regarding the pathogens of I. typographus (Fuchs 1915 (Fuchs , 1933 Wegensteiner et al. 1996; Wegensteiner & Weiser 2004; Takov et al. 2007; Burjanadze & Goginashvili 2009; Holuša et al. 2009 ) but only few of them investigated the territory of the Slovak Republic (Weiser 1954 (Weiser , 1955 . The following study is aimed at recognition of pathogens of the spruce bark beetle in Slovakia (the Western Carpathians), and searching for new pathogens and exploring the host-pathogen interactions.
Material and methods
Adult specimens of Ips typographus were collected from spruce forests using pheromone traps in 11 sites (Table 1): the Low Tatras Mts (Brezno, Bujakovo, Liptovský Ján), the Kremnické Mts (Sklenné), the Javorníky Mts (Kysucké Nové Mesto), the High Tatras Mts (Velická dolina valley, Tatranská Lomnica), the Low Fatra Mts (Rajecká Lesná), the Strážovská highland (Čičmany), the High Fatra Mts (Blatnica) and the Spišská Magura Mts (Osturňa). From each site, at least 30 specimens were used and dissected in insect physiological solution (7.5 g NaCl, 2.38 g Na2HPO4, 2.72 g KH2PO4 in 1 L of distilled water) in laboratory conditions. Intestines were removed together with parts of adhering fat body, Malpighian tubules and gonads, to be examined under microscope. Photomicrographs were taken using Nikon Y-FL microscope equipped with camera.
Presence of endosymbiotic Wolbachia bacteria was screened by using PCR with species-specific primers across the 30 specimens from each of the seven sites in the High Tatras Mts (Valley of Kežmarská Biela voda, Tichá dolina valley, Velická dolina valley), the Low Tatras Mts (Bujakovo, Liptovský Ján, Široká dolina valley) and the Spišská Magura Mts (Osturňa) ( Table 1) . Only female ovaries were used to avoid the possibility of false-positive samples resulting from digestive tract and decrease of redundant inhibitors of PCR from the abdomen. DNA from ovaries was extracted using a DNeasy Blood & Tissue Kit (Qiagen) according to the manufacturer's instructions. Wolbachia infections were tested by amplification of the eukaryotic 16S rRNA gene using universal primers: 16Swolb76-99f and 16Swolb1012-994r (O'Neill et al. 1992) . The 20 µl PCR mix consisted of 30-50 ng DNA, 1× PCR buffer, 1.5 U Taq DNA polymerase, 2.4 mM MgCl2, 100 µM dNTP and 250 nM of each primer. Thermal conditions for PCR amplification were 94 
Results
Seven different pathogen species were recorded from a total of 340 inspected living adults of the spruce bark beetle. These were: the microsporidian Chytridiopsis typographi ( Figs 1A, E) , the gregarine Gregarina typographi (Fig. 1B) , the amoeba Malamoeba scolyti (Fig. 1C) , and nematodes of the genus Neoparasitylenchus (Figs 2A-C) . In addition, on the locality Brezno, an unidentified nematode species was recorded (Fig. 2D) . The presence of the entomopathogenic fungus Beauveria bassiana was also observed and pupae of the hymenopteran parasitoid Tomicobia sp. were found in living beetles during late summer. Representatives of the protozoan species G. typographi and nematodes of the genus Neoparasitylenchus were the cause of massive infections and were observed during the entire growing season on almost all sites (Table 2 ). The only exception was the site Rajecká Lesná which was without the occurrence of these pathogens but with high infection rate of M. scolyti, moreover its lethal impact on the hosts caused by massive infections was noticeable. Sporocysts of C. typographi were present at four sites with low rate of occurrence (around 1-20%, Table 2 ) and were always found in the anterior part of the midgut epithelium.
Co-infections were frequently recorded, the most common being G. typographi and Neoparasitylenchus sp., probably because of their high occurrence. All pathogens could be found together in any combination but by massive protozoan infection was observed the density decrease of the other protozoan species eventually the other protozoan species did not occur.
During the massive infections by G. typographi it was easy to observe all developmental stages as trophozoites attached by means of epimerit to the host epithelium or gamonts in the midgut lumen ( Figs 1D, E) . We have also observed all developmental stages of Neoparasitylenchus sp. as well as the eggs or gamogenetic females (Fig. 2B) which occurred in the haemolymph but mature adults moved to the mesenteron (Fig. 2C) and actively abandoned the host via the digestive tract.
In the site Brezno, an unidentified nematode was recorded in the spruce bark beetle haemolymph. It was 35 µm in thickness in the proximal body part, 70 µm in the distal part with an overall length of 350 µm. This specimen occurred in co-infection with G. typographi and the other nematodes of the genus Neoparasitylenchus. During late summer, pupae of hymenopteran parasitoids were found by dissections but larvae were not discovered during the studied seasons. Hymenopteran pupae had already filled the entire body cavity thus inhibiting the occurrence of other pathogens. We have also noticed the complete development of the hymenopteran parasitoid Tomicobia sp. in beetles infected by the entomopathogenic fungus B. bassiana, hovewer, the hyphae did not grow through all the host.
Discussion
The presence of the endosymbiotic bacterium Wolbachia was not confirmed in any of the observed specimens, which leads us to exclude any influence of this bacterium on speciation, parthenogenesis, DNA polymorphism, cytoplasmic incompatibility or any other pathogenic effect on Ips typographus in the Slovak part of the Western Carpathians. The prevalence of Wolbachia in the wild populations is very low and the influence of the bacteria on mitochondrial DNA polymorphism was not confirmed by Stauffer (1999) . The detection of Wolbachia in four I. typographus populations was carried out using specific primers (Stauffer et al. 1997) . Sequencing revealed a Wolbachia strain that was the same as the Wolbachia found in Ips sexdentatus (Boerner, 1767) and Ips duplicatus (Sahlberg, 1836). The sequence was also similar to the Wolbachia found in wasp Trichogramma deion Pinto et Oatman, 1986 . However, further screening of populations failed to detect this proteobacteria (Stauffer & Riegler, unpublished data) . Therefore, future laboratory research on Wolbachia -Ips interactions could provide valuable data on the influence of this bacterium on beetle populations which could eventually be marked as useful bioagent against I. typographus. In addition, from the standpoint of applied science, the bacterium could also be used to suppress pest populations as a result of cytoplasmic incompatibility (Zabalou et al. 2004 ).
Diversity of pathogens detected in the examined specimens of I. typographus was not increased when compared with the results of studies in other European countries. However, it should be noted that research has been conducted only during one season. In comparison with previous studies, in our samples were absent: Entomopoxvirus (Weiser & Wegensteiner 1994; Wegensteiner et al. 1996; Takov et al. 2007; Burjanadze & Goginashvili 2009 ), the neogregarine Mattesia sp. (Žižka et al. 1997) , Menzbieria chalcographi (Takov et al. 2007; Holuša et al. 2009 ), the microsporidium Nosema typographi (Weiser 1955; Wegensteiner et al. 1996; Weiser et al. 1997; Takov et al. 2007; Burjanadze & Goginashvili 2009 ), Unikaryon montanum (Weiser et al. 1998; Wegensteiner & Weiser 2004 ) and the ascomycete fungus Metschnikowia typographi (Weiser et al. 2003) .
To date, there has been no compact study on spruce bark beetle pathogens in Slovakia. As the first record for this area we can denote M. scolyti found in the neighboring Czech Republic and Austria (Wegensteiner et al. 1996 ). By its high infection level we have observed strong lethal impact on infected specimens and no other coexisting pathogen. Prevalence of the remaining pathogens was similar in comparison with the other Slovak collecting sites monitored by Weiser (1954 Weiser ( , 1955 with some exceptions. We recorded lower incidence of C. typographi, however, in the genus Neoparasitylenchus and G. typographi we observed higher occurrence of up to 30%. Weiser (1954) has also recorded two endoparasitic nematodes in Slovakia, Aphelenchulus contortus and A. dispar but in this study we considered the genus as a synonym of the genus Neoparasitylenchus according to Siddiqi (2000) .
The results of our study and sampling provided in numerous different plots offer the synopsis of diversity, abundance and prevalence of bark beetle pathogens in the Slovak part of the Western Carpathians. Study of the full spectrum of natural enemies should be considered as environmentally safe means of biological forest protection and precise knowledge of bark beetle pathology should assess the endangering potential for local bark beetle populations.
